ow does our nervous system develop? Half a century has passed since a Nobel Prize was awarded in this intriguing area of biology, yet the problem has not been solved. Recently published work appears to have many of the answers to this fascinating question. First, I'll provide a little background.
ectoderm (and it did) (Niu & Twitty 1953) (Figure 2).
Many attempts followed to try to characterize the material in the droplet that was released by the dorsal lip and induced neural differentiation in ectoderm, but available technology did not result in definitive answers.
Many other experiments were performed with confusing results. Johannes Holtfreter (1968) found that altered pH or ionic strength could result in neural differentiation in isolated ectoderm in the absence of the dorsal lip. But to everyone's amazement and, perhaps horror, many other agents also caused neural differentiation in ectoderm in the absence of the Organizer. This posed a gigantic dilemma. Holtfreter and others felt that all of the so-called "abnormal" inducers-which included high or low pH, variations in ionic strength, ground glass and methylene bluedamaged cells, and this damage (or sublethal cytolysis) resulted in neural differentiation (Holtfreter 1968 ; reviewed in Oppenheimer & Lefevre 1989). The molecular mechanisms involved in neural induction by abnormal inducers may be different from or in the same biochemical pathways that are involved in normal neural induction. Since so many abnormal substances could induce nervous tissue differentiation in ectoderm, very well-defined criteria had to be established to differentiate between the natural inducer and the "imposters."
The following key criteria were established to identify the authentic neural inducer (Lamb et al. 1993 The search for noggin was a masterful piece of scientific detective work. Harland's group systematically produced protein products from the many messenger RNAs that are present in gastrula stage frog embryos. They then tested these products for inducing ability in embryos that normally couldn't form neural tissue. A protein from one of the mRNAs induced neural differentiation in these embryos. They followed up this experiment by treating isolated ectoderm with pure noggin protein, which also resulted in neural differentiation in the ectoderm (Lamb et al. 1993 Another important experiment showed that noggin protein was made by Spemann's Organizer during the proper embryonic stage (gastrula). Since Spemann's Organizer is the normal producer of neural inducer, the fact that it produces noggin lends additional key evidence to support the contention that noggin and the neural inducer are one in the same thing (Lamb et al. 1993 ). Noggin passed the final test for authentic neural inducer, i.e. it is present in the right place at the right time.
Noggin protein contains a group of amino acids that bears resemblance to certain protease inhibitors. It may be that noggin blocks protease-initiated reactions that could result in non-neural fates of ectoderm cells (Lamb et al. 1993 ). Various other ideas have been proposed to account for noggin's inducing activity. One proposes that noggin blocks the action of activin, a signaling protein that attaches to cell surface receptors, blocking neural differentiation. In any case, noggin appears to be the only protein so far discovered that is a bona fide direct neural inducer.
Regeneron Pharmaceuticals is already working on potential therapeutic applications for noggin. Since this naturally occurring molecule can induce nervous tissue differentiation in embryos, it may be possible to find a way of repairing damaged nervous tissue in adults.
So in a few months time, the half-century-only mystery of nervous system development is on the brink of being solved, and along with it, exciting therapeutic strategies are already being developed.
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